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A B S T R A C T 
In the last decade, Indonesia intensifies the efforts to reduce pharmaceutical imports. One of 
the initiatives is establishing a paracetamol production facility to start operating in 2024. 
Kinetics study is needed as a basis to design the paracetamol reactor. This study investigated 
the optimal temperature, reactant mole ratio, and agitation speed in the reactor for 
paracetamol production. In this study, aqueous solution of para-aminophenol was reacted with 
acetic anhydride. The mole ratio of para-aminophenol to acetic anhydride was varied to 1:1, 
1:1.2, 1:1.5, and 1:2 while the temperature was varied to 80 °C, 90 °C, and 110 °C. However, due 
to uncontrolled heat of the reaction and limitation of the mixture’s boiling point, the actual 
reaction temperatures were 86 °C, 90 °C, and 108 °C. In addition, the agitation speed of 250 
RPM and 350 RPM were also studied. Thin layer chromatography (TLC) and densitometry were 
used to determine the concentration of paracetamol in the reacting mixture. The optimum 
temperature, reactant mole ratio, and agitation speed in this study were 108 °C, 1:1.5, and 350 
RPM, respectively. In addition, a reaction performed under those operating parameters gave 
the reaction rate constant of 1.95 L mol-1 min-1. 
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A B S T R A K 
Dalam sepuluh tahun terakhir ini, Indonesia bertekad mengurangi impor bahan baku farmasi. 
Salah satu upaya yang dilakukan adalah membangun fasilitas produksi parasetamol yang akan 
mulai beroperasi pada tahun 2024. Studi kinetika diperlukan sebagai dasar perancangan 





reaktor parasetamol. Oleh karena itu, penelitian ini mengkaji kondisi operasi optimal pada 
reaksi produksi parasetamol yang akan dibutuhkan sebagai dasar perancangan pabrik. Pada 
percobaan ini, para-aminofenol direaksikan dengan anhidrida asetat dengan media air. Rasio 
mol para-aminofenol terhadap asetat anhidrida divariasikan 1:1 1:1,2, 1:1,5, dan 1:2 sedangkan 
temperatur divariasikan 80 °C, 90 °C, dan 110 °C. Akan tetapi, karena panas reaksi yang tidak 
dikontrol dan batasan berupa titik didih dari campuran reaksi, temperatur aktual reaksi menjadi 
86 °C, 90 °C, dan 108 °C. Selain itu, kecepatan putaran pengadukan juga divariasikan pada 
angka 250 RPM dan 350 RPM. Kromatografi lapis tipis (KLT) dan densitometri digunakan untuk 
menentukan konsentrasi parasetamol dalam campuran reaksi. Temperatur, rasio mol reaktan, 
dan kecepatan putaran pengadukan yang optimum pada penelitian ini masing-masing adalah 
110 °C, 1:1,5, dan 350 RPM. Selain itu, reaksi yang dilakukan dengan kondisi operasi tersebut 
menghasilkan konstanta laju reaksi 1,95 L mol-1 menit-1. 
 
Kata kunci: anhidrida asetat, industri farmasi, kinetika, para-aminofenol, parasetamol 
 
1. Introduction  
Currently, Indonesia is reported to import 
90% of pharmaceutical materials. As the 
fourth most populated country in the world 
with the population of 271 million people in 
2019 (UNDESA, 2019), Indonesia imported 
6,471 tons of paracetamol in 2016 and it was 
increased to 7,014 tons in 2019 (BPS-Statistics 
Indonesia, 2016; BPS-Statistics Indonesia, 
2019). A private company, PT Riasima Abadi 
Farma, had tried to produce paracetamol 
some time ago. However, PT Riasima Abadi 
Farma could only produce 150 tons per year 
of paracetamol due to the high production 
cost. This situation highlights the difficulty for 
a private company to survive in the 
pharmaceutical business. To improve the 
nation’s self-sufficiency in pharmaceutical 
industry, Indonesia government has taken 
strategic initiatives. One of the government’s 
plans is to build state-owned paracetamol 
production plant in 2024 (Ministry of 
Research and Technology of the Republic of 
Indonesia, 2020). 
Paracetamol, also known as 
acetaminophen, is commonly used as 
analgesic and antipyretic drug (Mane et al., 
2018; Sawalha, 2018) and is produced more 
than 100,000 tons per year universally 
(Joncour et al., 2014). Apart of being used 
directly, some scientists tried to improve 
paracetamol by modifying the molecules. Van 
de Straat et al. (1987) concluded that 3,5-
dialkyl substitution resulted in lower chance 
of inducing hepatotoxicity. It was also found 
that substituting acetic acid to the molecule 
can significantly enhance the antipyretic and 
analgesic effect (Kumar et al., 2013). 
Paracetamol can be synthesized from 
different starting compounds. For instances, 
some scientists synthesized paracetamol from 
nitrobenzene by means of catalytic 
hydrogenation in the presence of acid (Jing, 
2014; Min et al., 2008; Rode et al., 1999, 2002); 
some used p-nitrophenol as starting material 
(Abdullaev et al., 2014; Du et al., 2004); and 
some others studied the reaction pathway 
from hydroquinone (Bhattacharya et al., 2006; 
Joncour et al., 2014; Mane et al., 2018). 
Although the starting materials were 
different, many pathways led to the reaction 
of para-aminophenol acetylation with the 
addition of acetic anhydride to produce 
paracetamol. Hence, the operational 





conditions of this reaction are crucial to be 
optimized regardless of the pathway used. 
The reaction of para-aminophenol 
acetylation to acetaminophen shown in 
Equation (1) has been studied by many 
scientists. Caldeira (2010) tried to add 
phosphoric acid to catalyze the reaction, in his 
study; Jiang and Ni (2018) investigated the 
effect of water content and different 
temperature up to 80 °C to the reaction; and 
Ralph et al. (2019) reacted para-aminophenol 
with acetic anhydride in water with a certain 
molar ratio for 10 minutes and added sodium 
hydrosulfite to increase purity. However, this 
reaction was influenced by many parameters 
such as mole ratio of the reactants, mixing, 
and the temperature (Jiang and Ni, 2018) and 





To our knowledge, the effect of 
temperature reaction above 80 °C is scarcely 
reported as Jiang and Ni (2018) only studied 
the kinetics of the reaction with the 
temperature up to 80 °C and the trend of the 
kinetic rate constant up to 80 °C had not 
shown any sign of decreasing yet. Jie et al. 
(2003) and Ralph et al. (2019) already 
synthesized paracetamol from para-
aminophenol with the reaction temperature 
up to 150 °C, but they did not include the 
kinetics analysis. Moreover, study about the 
effect of agitation speed on this reaction still 
cannot be easily found. For examples, Jiang 
and Ni (2018) set the agitation speed to one 
value of 200 RPM while Lee et al. (2013) 
performed the reaction at 250 RPM and Mane 
et al. used the RPM of 300. 
Additionally, we also varied the mole ratio 
between para-aminophenol and acetic 
anhydride as studies about this are hardly 
found. Amin and Iqbal (2015) used the mole 
ratio of 1:11 in their study; Caldeira (2010) 
excessed the acetic anhydride by 1.5 times of 
the moles of para-aminophenol; while Jiang 
and Ni (2018) went far beyond that with the 
mole ratio of 1:13.8 (para-aminophenol:acetic 
anhydride). 
Hence, the objective of this study was to 
learn the optimum operational condition for 
the future paracetamol production plant by 
investigating the effect of temperature, 
agitation speed, and reactant mole ratio to 
the conversion of para-aminophenol. 
Furthermore, the experimental data were 
fitted to a second order reaction rate 
equation to determine the kinetic rate 
constant. The rate constants will also be used 
to calculate the optimum reaction time for the 
base of reactor size calculation. The novelty of 
this study lies in the kinetics analysis of the 
reaction on higher temperature and the study 
of the effect of the reactants’ mole ratio and 
the agitation speed on the kinetics constants. 
 
2. Research Methodology 
2.1 Materials 
The reactants consisted of para-
aminophenol (Sigma Aldrich UK Ltd., ≥ 99%) 
and acetic anhydride (TEDIA, ≥ 97%; chloride 
max 5 ppm; heavy metal max 2 ppm; iron max 
5 ppm; phosphate max 0.001%; residue after 
evaporation max 0.003%; sulphate max 5 
ppm). Demineralized water was used as the 
solvent in the reaction. A mixture of acetone 
(MALLINCKRODT, ≥ 99.5%), ammonia 
solution (Merck, 25%), and chloroform 
(Merck, ≥ 99.5%) were used as the mobile 
p-aminophenol acetic anhydride paracetamol acetic acid 
(1) 









To produce paracetamol, firstly, 21.8 grams 
para-aminophenol (PAF) was dissolved in 60 
ml of demineralized water in a three-neck 
round bottom flask (Figure 1) operated as a 
batch reactor. The mixture was heated to the 
certain reaction temperature. Acetic 
anhydride (AA) with certain mole ratio with 
respect to para-aminophenol was added to 
the solution and the reaction was carried out 
with certain rotations per minute (RPM) 
stirring for 30 minutes. 
 
Figure 1. Batch reactor for paracetamol kinetics study 
 
Samples were taken every 5 minutes and 
analyzed using thin layer chromatography. A 
combination of acetone:chloroform:ammonia 
(25%-v/v) with the volume ratio of 8:2:0.1 was 
used as mobile phase in the TLC analysis. The 
paracetamol concentration was determined 
by analyzing the TLC plate using densitometry 
(Pyka et al., 2011). The concentrations of para-
aminophenol and acetic anhydride were 
calculated stoichiometrically from 
paracetamol concentration data by assuming 
that para-aminophenol was the limiting 
reactant. 
In this experiment, the effect of the 
variations in reactant mole ratios, 
temperatures, and agitation speeds were 
investigated. To achieve those objectives, the 
mole ratio of para-aminophenol to acetic 
anhydride was varied to 1:1, 1:1.2, 1:1.5, and 
1:2 while the temperature was varied to 80, 
90, and 110 °C. In addition, the agitation 
speed of 250 RPM and 350 RPM were tested. 
Table 1 shows the summary of the operating 
conditions of each run in this experiment. 
 








The study of temperature effect to the reaction 
1 80 1:1 250 
2 90 1:1 250 
3 110 1:1 250 
The study of mole ratio effect to the reaction 
4 80 1:1 250 
5 80 1:1.2 250 
6 80 1:1.5 250 
7 80 1:2 250 
The study of agitation speed effect to the reaction 
8 90 1:1 250 
9 90 1:1 350 
Optimum operating condition from previous studies 
10 110 1:1.5 350 
 
Para-aminophenol and acetic anhydride 
concentrations were calculated 
stoichiometrically from concentration of 
paracetamol, and the results were fitted to a 
second order reaction equation with PAF as 
the limiting reactant as shown in Equation (2) 




= 𝑘 ∙ 𝐶𝑃𝐴𝐹 ∙ 𝐶𝐴𝐴 (2) 
Furthermore, activation energy (Ea) and 
frequency factor (A) are calculated using 
linear regression from Equation (3). 





+ ln 𝐴 (3) 
 
 





3. Results and Discussion 
3.1 Effect of Temperature 
In this experiment, the temperature effect 
on the conversion of para-aminophenol (PAF) 
was investigated by varying the temperature 
with the designed value of 80, 90, and 110 °C. 
However, due to the heat of the reaction, the 
actual lower temperature value was increased 
to 86 °C instead of 80 °C. Meanwhile, because 
the mixture boiled at 108 °C, the actual upper 
temperature value was 108 °C instead of 110 
°C. Therefore, the actual temperatures of the 
reaction in this study were 86, 90, and 108 °C. 
Figure 2 shows an example of TLC-
densitometry chromatogram produced from 
the run with the temperature of 86 °C. 
 
No Y POS. AREA MARK % 
1 23.2 6517.15 V 1.6 
2 39.0 12891.03  3.2 
3 54.0 26257.98  6.6 
4 68.3 43090.48  10.8 
5 82.5 51139.77 V 12.8 
6 96.6 50629.79 V 12.7 
7 112.6 67268.80 V 16.8 
8 121.9 9661.03 V 2.4 
9 129.9 44907.37 V 11.2 
10 145.2 45045.73 V 11.3 
11 159.8 42302.73 V 10.6 
 TOTAL 399711.9   
Figure 2.  TLC-densitometry chromatogram for the run 
with temperature of 86 °C 
 
The data obtained from the 
chromatograms were calculated to obtain the 
conversion of PAF in different temperature 
which were shown in Figure 3 along with the 
data fitting results of Eq. (2) for every 
temperature. 
As shown in Figure 3, the temperature of 
108 °C produced the fastest reaction among 
the three temperatures that were studied in 
this experiment. At the temperature of 108 °C, 
the conversion of the reaction already 
reached 100% in the five minutes of the 
reaction while at the lower temperatures, the 
reaction reached the maximum conversion 
only after 25 minutes. Table 2 summarizes the 
reaction rate constants at various 
temperature. The activation energy (Ea) and 
the frequency factor (A) of this reaction was 
calculated using Eq. (3) and the values were 




Figure 3. Conversion of PAF in different reaction 
temperature (reactant mole ratio of 1:1; 
agitation speed of 250 rpm) 
 
This result was in accordance with the 
experiment done by Jiang and Ni (2018) 
which resulted in increasing rate constant 
along with the increase of temperature in the 
range of 50 – 80 °C ranging from 0.436 
L.mol-1.min-1 to 1.421 L.mol-1.min-1.  However, 
even at the highest temperature investigated 
in this experiment (108 °C), the reaction rate 
constant value was still lower than the one at 





the temperature of 80 °C in Jiang and Ni’s 
experiment. The lower value of reaction rate 
constant in this experiment was possibly due 
to other unoptimized operating parameter, 
such as water content. Jiang and Ni (2018) 
concluded that the weight ratio between 
acetic acid and water of 7:3 produced the 
solubility for the reaction while in this study, 
we used a weight ratio of 1:1.85. 
 









86 0.080 0.843 
90 0.177 0.704 
108 1.414 0.675 
 
3.2 Effect of Reactant Mole Ratio 
In addition to the temperature variation, 
reactant mole ratio effect on the conversion 
was also investigated in this study. The para-
aminophenol to acetic anhydride mole ratio 
was varied by 1:1, 1:1.2, 1:1.5, and 1:2. The 
experiment was done at the temperature of 
86 °C with the agitation speed of 250 RPM. 
The conversion of para-aminophenol was 
calculated with the same method as 
previously mentioned in the earlier section 
and the results were shown in Figure 4. 
Figure 4 shows that in just 5 minutes, the 
PAF to AA mole ratio of 1:1.2 and 1:1.5 had 
almost reached 100% conversion. Meanwhile, 
for the first 15 minutes, the PAF conversion 
rate with mole ratio of 1:1 was the slowest 
whereas the mole ratio of 1:2 was just a little 
higher than that. Even after 30 minutes, the 
mole ratio of 1:2 could not reach 100% 
conversion while the other mole ratios were 
already completed the 100% conversion. 
Table 3 recapitulates the reaction rate 
constant calculated from the data with 
various PAF to AA mole ratios. 
 
Figure 4. Conversion of PAF with different PAF to AA 
mole ratio (temperature of 86 °C; agitation 
speed of 250 rpm) 
 









1:1 0.080 0.843 
1:1.2 0.220 0.820 
1:1.5 0.955 0.758 
1:2 0.066 0.750 
 
Table 3 shows that the reaction rate 
constant was increasing as the PAF to AA 
mole ratio was increased from 1:1 to 1:5. 
However, the reaction rate constant 
decreased when the mole ratio was further 
increased to 1:2. This exception might be due 
to the presence of side reaction between 
acetaminophen and excess acetic anhydride 
to form 4’-acetoxyacetanilide (Jiang and Ni, 
2018). Therefore, both Figure 2 and Table 3 
show that the optimum PAF to AA mole ratio 
in this experiment was 1:1.5. 
 
3.3 Effect of Agitation speed 
The third parameter that was studied in 
this experiment was agitation speed. The 
success of PAF and AA reaction relies on 





perfect dissolution of PAF in the reaction 
mixture and hence, agitation speed is crucial 
to enhance the dissolution rate. In this 
experiment, the agitation speed of 250 RPM 
was compared with the agitation speed of 350 
RPM. The experiment was done at the 
temperature of 90 °C with PAF to AA mole 
ratio of 1:1. The conversion of PAF in this 
experiment is presented in Figure 5 and the 
reaction rate constant is summarized in Table 
4. It was shown in both Figure 5 and Table 4 
that the agitation speed of 350 RPM 
produced higher reaction rate than the 
agitation speed of 250 RPM by reaching 100% 
conversion faster and producing higher 
reaction rate constant. 
 










250 0.177 0.704 
350 0.712 0.775 
 
 
Figure 5.  Conversion of PAF with different agitation 
speed (temperature of 90 °C; PAF to AA mole 
ratio of 1:1) 
 
The complete process of PAF and AA 
reaction consisted of two consecutive steps, 
i.e., PAF dissolution into the water followed by 
the homogeneous reaction between PAF and 
AA in the aqueous phase. Hence, the kinetic 
model presented in Eq. (1) assumed a 
homogeneous reaction. The result in Figure 5 
indicated that mixing intensity determined 
the PAF dissolution degree. At lower mixing 
intensity, the fine PAF particles might settle at 
some parts of the reactor and cause lower PAF 
concentration in the aqueous phase. On the 
other hand, higher mixing speed led to 
complete PAF dissolution which then increase 
the reaction rate. Moreover, as previously 
mentioned in the earlier discussion about 
water content by Jiang and Ni (2018), the 
solubility of the reactants in this study was still 
unoptimized due to suboptimal acetic acid to 
water weight ratio. 
In addition, to see whether those operating 
parameters significantly affected the reaction 
rate constants, F-test was done with 
confidence interval value of 95%. From these 
tests, it was found for all three experiments 
that the calculated F values were all higher 
than the F-critical values. Hence, the variation 
of temperature, reactants’ mole ratio, and 
agitation speed were concluded to have 
significant effect to the values of the reaction 
rate constant. 
Finally, all the optimum parameters that 
were concluded in the prior experiments were 
lumped together and were carried out in one 
run. Therefore, in the last run, the reaction 
with PAF to AA mole ratio of 1:1.5 was carried 
out at the temperature of 108 °C with 350 
RPM agitation speed. The conversion of PAF 
in this run is presented in Figure 6. At these 
combined optimum conditions, the reaction 
rate constant value was 1.95 L mol-1 min-1 (R2 
= 0.755), which was 37.7% higher than the 
highest rate constant obtained at highest 
temperature but unoptimized reactant mole 
ratio (Table 1). The complete 100% conversion 





was also reached in less than 5 minutes. The 
reaction time was much less than the reaction 
times in Figure 3, 4, and 5 to reach the 100% 
conversion. This finding is very beneficial to 
improve the profitability of the paracetamol 
production. 
 
Figure 6.  Conversion of PAF with optimum operating 
condition (temperature of 108 °C; PAF to AA 




This experiment studied the effect of 
temperature, para-aminophenol to acetic 
anhydride mole ratio, and agitation speed to 
the conversion of para-aminophenol in the 
production of paracetamol. The optimum 
temperature, reactant mole ratio, and 
agitation speed in this study were 108 °C, 
1:1.5, and 350 RPM, respectively. The reaction 
performed under those optimum parameters 
resulted in the reaction rate constant of 1.95 
L mol-1 min-1, which was 37.7% higher that of 
unoptimized reactant mole ratio. The 
temperature was the maximum possible 
temperature for an atmospheric reactor. The 
agitation speed affected the dissolution rate 
of PAF in the reaction mixture that indirectly 
increase the reaction rate. With the 
aforementioned optimum condition, the 
complete conversion of PAF has been 
achieved in less than 5 minutes. By taking into 
consideration that the reaction time is very 
short, the recommended condition for the 
commercial scale production facility in 
lowering the process temperature to some 
extent to ensure the safety aspect of the 
operation. Further experiment is needed to 
determine the safe limit of the reactors, 
especially in preventing the chemical losses 









  = rate of para-aminophenol 
disappearance, mol.L-1.min-1 
𝑘  =  second order kinetic rate constant 
of paracetamol production 
reaction, L.mol-1.min-1 
𝐶𝑃𝐴𝐹  = concentration of para-
aminophenol, mol.L-1 
𝐶𝐴𝐴  = concentration of acetic anhydride, 
mol.L-1 
𝐸𝑎  = activation energy of paracetamol 
production reaction, J.mol-1 
𝐴  =  frequency factor, L.mol-1.min-1 
𝑅  =  gas constant, J.mol-1.K-1 
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